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Edited by Lev KisselevAbstract Import of tRNAs into plant mitochondria appears to
be highly speciﬁc. We recently showed that the anticodon and the
D-domain sequences are essential determinants for tRNAVal im-
port into tobacco cell mitochondria. To determine the minimal
set of elements required to direct import of a cytosol-speciﬁc
tRNA species, tobacco cells were transformed with an Arabidop-
sis thaliana intron-containing tRNAMet-e gene carrying the
D-domain and the anticodon of a valine tRNA. Although well
expressed and processed into tobacco cells, this mutated tRNA
was shown to remain in the cytosol. Furthermore, a mutant
tRNAVal carrying the T-domain of the tRNAMet-e, although still
eﬃciently recognized by the valyl-tRNA synthetase, is not im-
ported into mitochondria. Altogether these results suggest that
mutations aﬀecting the core of a tRNA molecule also alter its
import ability into plant mitochondria.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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The import of tRNAs encoded in the nucleus has been
shown to be essential for proper protein translation within
mitochondria of a variety of organisms (for reviews see
[1,2]). However, the number of imported tRNAs ranges from
a single tRNA species in Saccharomyces cerevisiae [3] to all
mitochondrial tRNA species in parasitic protozoa [4–7]. High-
er plants are in between, imported tRNAs represent one-third
to one-half of the mitochondrial tRNA population and the
identity of the imported tRNAs diﬀers from one plant to the
other [8–11]. These diﬀerences in the number and the speciﬁcity
of imported tRNAs support the idea that the mechanisms
underlying import are probably diﬀerent between organisms
and consequently that the import determinants are not con-
served between diﬀerent species. Indeed, in S. cerevisiae, the
formation of a complex with the precursor form of the mito-
chondrial lysyl-tRNA synthetase and an intact protein import
machinery are required for the import of a single tRNALys
(CUU) [12]. Speciﬁcity of import requires aminoacylation by*Corresponding author. Fax: +33 3 88 41 72 44.
E-mail address: Laurence.drouard@ibmp-ulp.u-strasbg.fr
(L. Mare´chal-Drouard).
0014-5793/$30.00  2005 Federation of European Biochemical Societies. Pu
doi:10.1016/j.febslet.2004.12.079the cytosolic lysyl-tRNA synthetase and speciﬁc elements in
the anticodon loop and the acceptor stem of the imported
tRNALys(CUU) [13]. In Tetrahymena, only one out of three
nuclear-encoded tRNAGln isoacceptors, the tRNAGln(UUG),
is imported into mitochondria [14] and it has been shown that
its anticodon is necessary and suﬃcient for import [15]. In con-
trast to the situation for S. cerevisiae, none of the in vitro as-
says with isolated trypanosomatids, mitochondria requires the
addition of cytosolic factors. Further, it seems that there is no
general rule for what determines the speciﬁcity of tRNA im-
port into trypanosomatids. In Leishmania, some studies sug-
gest that the D-stem loop (D-domain) region of tRNAs
might play the role of import determinant [16–18]. However
in the case of tRNATrp, the anticodon was shown to contain
import determinants [19]. In addition, it was shown that leish-
manial tRNAGlu(UUC) and tRNAGlu(UUG) contain a 2-thio-
uridine modiﬁed nucleotide at the wobble position that
prevents them from being imported into isolated mitochondria
[20]. Finally, it appears that the T-stem determines the cyto-
solic or mitochondrial localization of tRNAsMet in Trypano-
soma brucei [21].
In plants, determinants allowing discrimination between im-
ported and non-imported tRNAs are poorly understood. The
implication of the aminoacyl-tRNA synthetases in the tRNA
import process has been suggested. For example, a mutated
tRNAAla that is not charged by the alanyl-tRNA synthetase
is not imported into tobacco mitochondria [22]. More recently,
we have shown that mutant tRNAsVal carrying a methionine
CAU anticodon that switches the aminoacylation of these
tRNAs from valine to methionine are not present anymore
in mitochondria of transgenic tobacco cells [23]. Whatever
the role of the aminoacyl-tRNA synthetase in the import pro-
cess, two kinds of data suggest that these enzymes, if necessary,
are not suﬃcient. First, in Solanum tuberosum, there is a selec-
tive import of cytosolic tRNAGly(UCC) and tRNAGly(CCC),
whereas cytosolic tRNAGly(GCC) is not imported [24]. As
these three tRNAsGly are recognized by the same glycyl-tRNA
synthetase, this indicates that the aaRS, if necessary, is not suf-
ﬁcient to promote import. Second, by swapping the D-domain
of the imported tRNAVal(AAC) by that of the cytosol-speciﬁc
tRNAMet-e, although the recognition by the valyl-tRNA syn-
thetase is not aﬀected, this mutant tRNA is not present in
the mitochondrial fraction [23].
The present study examined whether the anticodon and the
D-domain of tRNAVal are suﬃcient, when incorporated into
an Arabidopsis thaliana cytosolic-speciﬁc tRNAMet-e, to pro-
mote its import into mitochondria. By analysing the intracellu-blished by Elsevier B.V. All rights reserved.
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genic tobacco cell line, we showed that this tRNA remains in
the cytosol suggesting that other elements are involved. Look-
ing for such element, we then provided evidence that the T-do-
main region of tRNAVal also constitutes a critical region for
tRNA import. Altogether, the data obtained strongly suggest
that a correct tRNA folding is required during the import pro-
cess.2. Materials and methods
2.1. DNA constructs
Using oligonucleotide-directed mutagenesis [25], two kinds of con-
structs were produced as described in [23]: First, constructs in the bin-
ary vector pBin+, suitable for tobacco transformation and second,
constructs in pUC18 suitable for in vitro run oﬀ transcription. Oligo-
nucleotide-directed mutagenesis was used to introduce the diﬀerent
mutations [T-domain in the case of tRNAVal(AAC) gene sequence;
D-domain and anticodon in the case of tRNAMet-e gene sequence].
PCR ampliﬁcation, cloning and sequencing were performed under
standard procedures. As plant nuclear tRNAMet-e genes have introns
[26], we used a synthetic oligonucleotide corresponding to the complete
intronless A. thaliana tRNAMet-e gene sequence as a substrate for PCR
ampliﬁcation to obtain constructs suitable for in vitro run oﬀ tran-
scription. Otherwise, one of the 22 intron-containing tRNAMet-e gene
(http://www.arabidopsis.org/) was ampliﬁed by PCR with relevant
primers in the presence of A. thaliana DNA and used for pBin+ con-
structs. To produce plasmids for expression in BY2 tobacco cells,
the mutated tRNA gene versions were cloned in pBin+ vector between
the 5 0- and 3 0-ﬂanking sequences of a tRNALeu(CAA) gene from bean
[27] using asymmetric PCR as described in [28]. Constructs in pUC18
encoding the mature A. thaliana tRNAVal(AAC) and tRNAMet-e were
ampliﬁed by PCR with relevant primers so that the tRNA gene se-
quences were directly fused to the T7 RNA polymerase promoter at
the 5 0 end and to a BstNI site at the 3 0 end [23].2.2. In vitro transcription and aminoacylation of tRNA transcripts
In vitro transcripts were prepared as previously described [25,29].
Aminoacylation of in vitro transcripts was performed at 37 C in the
presence of a bean total enzymatic extract [30]. The aminoacylation
reaction mixture contained 50 mM Tris–HCl, pH 7.5, 10 mM ATP,
15 mM MgCl2, 0.4 mM glutathione, 0.1 mg/ml BSA and 0.1 mM L-
[3H]valine at 1.5 Ci/mmol or 0.1 mM L-[35S]methionine at 1 Ci/mmol.
Total enzyme extract was prepared from bean (Phaseolus vulgaris)
leaves as described in [30].2.3. Tobacco cell culture and transformation
Tobacco BY2 cells (Nicotiana tabacum cv Bright Yellow 2) were
maintained and cultured as described in [31]. The diﬀerent pBin+ con-
structs were introduced by electroporation into the Agrobacterium
tumefaciens LBA4404 and the resulting Agrobacterium strains were
used to transform BY2 cells according to a protocol derived from
[31]. Brieﬂy, 4 ml of a 3-day-old BY2 culture were co-cultivated with
100 ll of an overnight culture of Agrobacterium in the dark for 2 days
at 21 C. Cells were then collected and washed three times with BY2
culture medium by centrifugation at 500 · g for 5 min and were plated
on solid medium supplemented with carbenicillin (500 lg/ml) and
kanamycin (100 lg/ml). Calli were recovered after 3–4 weeks. Individ-
ual calli of interest were subcultured into liquid medium containing
carbenicillin (500 lg/ml) and kanamycin (100 lg/ml).2.4. Puriﬁcation of mitochondria
Mitochondria were isolated from wild-type and transgenic tobacco
cells according to a modiﬁed protocol established for puriﬁcation of
mitochondria from dark grown A. thaliana cell culture [32]. Brieﬂy, a
7-day-old BY2 culture (80 ml) was ﬁltered through a 25 lm mesh ny-
lon membrane. After addition of extraction buﬀer (300 mM sucrose,
30 mM K2HPO4, pH 7.5, 2 mM EDTA, 0.8% w/v polyvinylpyrroli-
done K 25, 0.05% w/v cysteine, 5 mM glycine, 0.3% w/v BSA and2 mM b-mercaptoethanol) to a volume of 2 ml/g of fresh weight
material, BY2 cells were disrupted in a blender three times by 15 s
strokes (ﬁrst at high speed and then twice at low speed). Cell debris
were removed by ﬁltering the homogenate through a 45 lm mesh ny-
lon membrane. After centrifugation of the ﬁltrate at 1600 · g for
10 min, the supernatant was recovered and centrifuged at 16 000 · g
for 20 min to pellet mitochondria. The mitochondrial pellet was
resuspended in 50 ml of washing buﬀer (300 mM sucrose, 10 mM
K2HPO4, pH 7.5, 1 mM EDTA, 5 mM glycine and 0.1% w/v BSA),
centrifuged at low speed (for 10 min at 1600 · g) then at high speed
(for 20 min at 16 000 · g). Mitochondria, resuspended in 2–3 ml of
washing buﬀer by Dounce homogenization, were puriﬁed by centrifu-
gation through Percoll step gradient (45/21/13.5% v/v Percoll in
250 mM sucrose, 50 mM Tris–HCl, pH 7.5 and 3 mM EDTA) for
1 h at 40 000 · g. Intact mitochondria collected from the 13.5/21%
interphase, were diluted 10 times with washing buﬀer and pelleted
by centrifugation at 17 000 · g for 15 min. This washing step was re-
peated twice.2.5. RNA isolation and Northern analyses
Transfer RNAs were extracted from mitochondria as described pre-
viously [25]. For total tRNA preparation, the same method was used
either starting from calli of BY2 cells or from the supernatant obtained
after blender disruption of BY2 cells (see above).
For Northern analyses, total or mitochondrial tRNAs were frac-
tionated by electrophoresis on 15% polyacrylamide gels under dena-
turing conditions and transferred onto nylon membrane (Hybond-N,
Amersham Pharmacia Biotech) by electroblotting (45 min at 500 mA)
in 10 mM Tris-acetate (pH 8.0), 0.5 mM EDTA buﬀer. Hybridiza-
tions were carried out overnight, in 6· SSC (1 M NaCl, 0.1 M so-
dium citrate), 0.1% w/v SDS, at a temperature 3–5 C lower than
the melting temperature of the oligonucleotide used as probe. Oligo-
nucleotides were 32P-labelled with T4 polynucleotide kinase according
to classical procedure. After hybridization, the ﬁlters were washed at
the hybridization temperature successively in 2· SSC (for twice
10 min) and in 2· SSC, 0.1% w/v SDS (for 30 min). Radioactive
hybridization were submitted to autoradiography or Phosphorimager
exposure.2.6. Oligonucleotides
Synthetic oligonucleotides used for Northern hybridization are sche-
matically presented in Fig. 1 and those used for gene constructs and
mutagenesis are available upon request.3. Results and discussion
3.1. Eﬃcient expression and splicing of mutated versions of an
A. thaliana intron-containing tRNAMet-e in transgenic BY2
tobacco cells
In plant, two tRNA gene families coding for tRNATyr and
tRNAMet-e contain intervening sequences [26,33]. Two mu-
tated versions of an intron-containing A. thaliana tRNAMet-e
gene (Fig. 1) were used for nuclear transformation of BY2 to-
bacco cells. The ﬁrst mutant, constructed by incorporating a
valine CAC anticodon in the intron-containing tRNAMet-e
gene, was called pre-tRNAMet-e(CAC). To obtain the
second mutant, pre-tRNAMet-e(CAC)D-Val, the D-domain of
tRNAMet-e was replaced by the corresponding region of
tRNAVal(CAC) into the ﬁrst mutant. Calli resistant to kana-
mycin were screened for expression of the two A. thaliana
tRNAMet-e mutants by Northern blot experiments using a spe-
ciﬁc oligonucleotide as probe (probe 1, Fig. 1). A single hybrid-
ization signal, localized at the same position on a 15%
polyacrylamide gel, was detected for the tRNA fractions ex-
tracted from the transgenic cell lines and for the corresponding
in vitro synthesized mutated tRNA transcripts (Fig. 2). These
Fig. 1. (A) Predicted cloverleaf structures of mutant tRNAsMet-e(CAU), deduced from a wild-type A. thaliana intron-containing nuclear gene
sequence and from the gene construct sequences used in this paper. The 5 0 and 3 0 splice sites on the putative precursor tRNAs (pre-tRNAs) are
indicated by single headed arrows and the deduced cloverleaf structures of mature tRNAs are presented. (B) Predicted cloverleaf structure of wild-
type and mutant tRNAVal(AAC), deduced from the wild-type A. thaliana nuclear gene sequence and from the gene construct sequence used in this
paper. Mutated nucleotides are in grey background. Oligonucleotides used for Northern experiments are represented by long arrows and numbered
from 1 to 4.
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(CAC), panel A; pre-tRNAMet-e(CAC)D-Val, panel B] are ex-
pressed and eﬃciently processed in transgenic tobacco cells. Asshown in Fig. 3, this oligonucleotide probe strongly hybridizes
to total tRNA fractions of transformed BY2 cell lines whereas
no signal was observed in wild-type cell lines.
Fig. 3. Mutant tRNAMet-e(CAC), tRNAMet-e(CAC)D-Val and
tRNAVal(AAC)T-Met are not imported into BY2 transgenic tobacco
cells. Probes speciﬁc for cytosolic tRNAMet-e (probe 2, Fig. 1),
mitochondrial tRNASer(GCU) (probe 5, [23]), wild-type cytosolic
tRNAVal(AAC) (probe 3, Fig. 1), mutant tRNAMet-e(CAC) and
tRNAMet(CAC)D-Val (probe 1, Fig. 1) and mutant tRNAVal(AAC)T-
Met (probe 4, Fig. 1) were hybridized to total (T) and mitochondrial
(M) tRNAs from untransformed BY2 tobacco cells (WT) and from
BY2 tobacco cells transformed with (A) tRNAMet-e(CAC), (B)
tRNAMet-e(CAC)D-Val and (C) tRNAVal(AAC)T-Met.
Fig. 2. A. thaliana intron-containing tRNAMet-e(CAC) and
tRNAMet-e(CAC)D-Val are correctly processed into BY2 tobacco
cells. A probe speciﬁc for mutant tRNAMet-e(CAC) and
tRNAMet-e(CAC)D-Val (probe 1, Fig. 1) was hybridized with total
tRNAs (2) from BY2 tobacco cells transformed with intron-
containing tRNAMet-e(CAC) or tRNAMet-e(CAC)D-Val genes. As
size markers, in vitro synthesized transcripts (1) corresponding to
either mature tRNAMet-e(CAC) or mature tRNAMet-e(CAC)D-Val
were run in parallel.
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mitochondria of transgenic cells
For each mutagenized tRNAMet-e gene, one callus eﬃciently
expressing the transgene was subcultured in liquid medium to
allow the puriﬁcation of mitochondria. Transfer RNAs were
extracted from whole cells or from puriﬁed mitochondria from
either wild-type or transformed BY2 cell lines and Northern
experiments with various oligonucleotide probes were per-
formed. The mitochondrial tRNASer(GCU) probe conﬁrms
the identity of the mitochondrial fractions in wild-type and
transgenic cell lines (probe 5, Fig. 3). By contrast, using an oligo-
nucleotide speciﬁc for the wild-type cytosol-speciﬁc tRNAMet-e
as a probe gave a strong signal in the total tRNA fractions
either form wild-type or transgenic cell lines whereas a weak
signal representing the cytosolic contamination was obtained
in the corresponding mitochondrial tRNA fractions (probe
2, Fig. 3). Furthermore, when an oligonucleotide speciﬁc for
the imported cytosolic tRNAVal(AAC) was used as a probe,
the amounts of this imported tRNA in mitochondrial tRNA
fractions and in total tRNA fractions were similar in each cell
line showing that the import level was not aﬀected (probe 3,
Fig. 3). In contrast to this eﬃcient import of cytosolic tRNAVal
into tobacco cell mitochondria, none of the two mutagenized
tRNAMet-e versions [tRNAMet-e(CAC) and tRNAMet-e(CAC)D-
Val] were imported into mitochondria of the transgenic cell lines
(Fig. 3A and B, probe 1). We have previously shown that a
valine anticodon is necessary but not suﬃcient to promote
tRNA
Val
import into mitochondria [23], the fact that a cytosolic
1076 M.-J. Laforest et al. / FEBS Letters 579 (2005) 1072–1078tRNAMet-e carrying a valine anticodon is not imported into
BY2 tobacco cell mitochondria conﬁrms these data. In addition
to the anticodon, the D-domain of cytosolic tRNAsVal was
shown to be essential for import selectivity and we therefore
expected to promote the import of the cytosol-speciﬁc
tRNAMet-e by switching both its anticodon and its D-domain
by those of the imported tRNAsVal. Here, we show that the
tRNAMet-e(CAC)D-Val, although well expressed and processed
in transgenic tobacco cells, is not imported into mitochondria.
Thus the nucleotide replacements introduced both in the antico-
don and the D-domain of tRNAMet-e are not suﬃcient to allow
its internalization into mitochondria. To explain this result, we
directed our attention on the aminoacylation properties of this
mutant and on other import determinants potentially present
on plant valine tRNAs.
3.3. Aminoacylation properties of tRNA mutants
So far, the complete correlation existing between mutations
aﬀecting aminoacylation properties and inhibition of import
[22,23] supports the idea that aminoacyl-tRNA synthetases
might be implicated in the plant tRNA import system. It has
been shown in Escherichia coli that swapping the anticodons
(valine to methionine and vice versa) leads to complete identity
switches [34]. We have recently shown that swapping the A.
thaliana tRNAVal(AAC) anticodon into a methionine CAU
anticodon changes the identity of the mutant tRNA [23] but
the opposite experiment was not done. To do so, the mutated
tRNAMet-e transcripts synthesized in vitro were tested for their
ability to be aminoacylated by an enzymatic extract from bean
leaves (Fig. 4). The wild-type tRNAMet-e transcript was
eﬃciently aminoacylated with [35S]methionine but the
tRNAMet-e(CAC) and tRNAMet-e(CAC)D-Val transcripts were
not charged with this amino acid. As a control experiment, the
wild-type tRNAVal(AAC) transcript was eﬃciently aminoacy-
lated with valine and the aminoacylation extent of 100%
reached after 40 min. Fig. 4 corresponds to a complete charge
of the transcript. In contrast, as the wild-type tRNAMet-e, nei-Fig. 4. Aminoacylation kinetics of wild-type and mutant tRNA transcrip
transcripts and in the presence of bean leaves enzymatic extract. Aminoacyla
presence of [35S]methionine. Symbol legends are described in the ﬁgure. The m
and of wild-type tRNAMet-e(CAU) transcript were taken as 100% when amin
presence of [35S]methionine, respectively. The symbols correspond to
tRNAVal(AAC)T-Met (s) and tRNAMet-e(CAC)D-Val (h).ther the tRNAMet-e(CAC) nor the tRNAMet-e(CAC)D-Val
transcript was charged with valine. Altogether, the data ob-
tained show that whereas swapping a valine anticodon into a
methionine anticodon changes the identity of the valine tRNA
into methionine, the reciprocal switch (methionine into valine)
does not allow, as shown in E. coli, the reciprocal identity
change in plants: although completely inhibiting the recogni-
tion by the methionyl-tRNA synthetase, the CAU to CAC
anticodon switch is not suﬃcient to change the identity of a
methionine tRNA into valine. Considering that, up to now,
a strict correlation between aminoacylation and import has
been observed, this result could explain why our two mutants,
that are not recognized at all by the valyl-tRNA synthetase,
are not imported into plant mitochondria. However, we can-
not rule out the possibility that, independently from aminoacy-
lation, if the anticodon and the D-domain of plant cytosolic
tRNAsVal were shown to be essential for mitochondrial im-
port, they might not be suﬃcient.
3.4. The T-domain of tRNAVal is an essential element for its
import into tobacco mitochondria
Apart from the anticodon, the D-domain and the variable
loop, a tRNA contains three other regions: the anticodon
and the acceptor stems and the T-domain. Changes in the
anticodon stem of tRNAVal do not aﬀect import and compar-
ison of the three imported cytosolic tRNAVal isoacceptors
show that they diﬀer signiﬁcantly in their acceptor stems
whereas their T-domain is quite well conserved [23]. Thus a
tRNAVal(AAC) mutant carrying the T-domain of tRNAMet-e
was constructed and referred to as mutant tRNAVal(AAC)T-
Met (Fig. 1). As shown in Fig. 4, tRNAVal(AAC)T-Met tran-
script is as eﬃciently aminoacylated with valine as the wild-type
tRNAVal(AAC) transcript. Thus swapping the T-domain of
tRNAVal(AAC) has no eﬀect on the aminoacylation properties.
A BY2 transgenic cell line expressing this mutant tRNA was
identiﬁed by a Northern experiment using as a probe an oligo-
nucleotide speciﬁc for the T-domain (Fig. 1, probe 4). In thets. Aminoacylation kinetics have been performed with 4 lM tRNA
tion have been performed either in the presence of [3H]valine or in the
aximum aminoacylation extent of wild-type tRNAVal(AAC) transcript
oacylation assays were performed in the presence of [3H]valine or in the
tRNAVal(AAC) (), tRNAMe-e(CAC) (d), tRNAMet-e(CAU) (r),
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tRNA fraction extracted from wild-type BY2 cell line. This re-
sult is probably due of the presence of two nucleotide diﬀer-
ences between tRNAMet-e sequences of arabidopsis and
tobacco in the region where the oligonucleotide was designed
[26]. This callus was subcultured in liquid medium to allow
the puriﬁcation of mitochondria. The quality of the mitochon-
dria in term of cytosolic contamination and ability to import
tRNAs was checked as described above for the two other mu-
tant tRNAs (Fig. 3C, probes 2, 3 and 5). When the mitochon-
drial tRNA fraction of the transformed cell line was tested
with the oligonucleotide speciﬁc for the T-domain of the mu-Fig. 5. (A) L-shaped structure of A. thaliana cytosolic tRNAVal(AAC).
Mutations introduced either in the mutant tRNAVal(AAC)D-Met [23]
or in the mutant tRNAVal(AAC)T-Met (this study) are in grey
background and indicated with arrows. (B) Three-dimensional ribbon
model of a tRNA as depicted in [37]. The core of the molecule where
the T and D loops interact is circled by a dotted oval. The two main
domains specifying correct recognition by an aminoacyl-tRNA
synthetase (aaRS) are circled.tant tRNA, no band was visible despite the fact that the total
tRNA fraction of the same cell line gave a strong signal (Fig. 3,
probe 4). The inability to ﬁnd the tRNAVal(AAC)T-Met in the
mitochondrial fraction shows that this mutant tRNA,
although well expressed in the transgenic cell line and eﬃ-
ciently recognized by the valyl-tRNA synthetase, is not local-
ized in the mitochondria. Similar data were obtained with a
tRNAVal mutant carrying the T-domain of tRNAMet-e and a
valine CAC anticodon (data not shown).
Our previous data have shown that the D-domain of plant
cytosolic tRNAsVal is an essential tRNA import determinant.
So far, no common import signature has been identiﬁed in
imported tRNA sequences [35], leading to the hypothesis that
it is not the sequence but rather the conformation of the
tRNA that is speciﬁcally recognized during the import
process. We cannot exclude that the D-domain of tRNAsVal
contains a sequence speciﬁc import signature and/or that the
D- and T-domains of tRNAMet-e contain antideterminants
acting as a retention signal and preventing import into mito-
chondria. It can also be hypothesized that these nucleotide
changes in either the D- or T-domains lead to a diﬀerent con-
tent in modiﬁed nucleotides. The presence or not of a modi-
ﬁed nucleotide on a tRNA may be crucial for its
mitochondrial localization. As shown recently in the case of
leishmanial tRNAsGlu, the presence of 2-thiouridine at the
wobble position prevents these tRNAs from being imported
in an in vitro system [20]. However, it is also likely that
replacement of these regions induce a conformational change
leading to tRNA import inhibition. Some of the nucleotides
replaced either in the D- or T-domain may aﬀect the tertiary
structure of L-shaped tRNAVal (Fig. 5A). It is well known
that in the three-dimensional structure of tRNAs the stability
of the architecture is ensured in particular by interactions in
the core of the tRNA molecule, where the T and D loops
interact and this part of the molecule may interact with one
or several factors during import into mitochondria (Fig.
5B). As the signals specifying tRNA recognition by amino-
acyl-tRNA synthetases (Fig. 5B) are mainly located in the
two distal domains of the tRNA [36], a conformation change
in the core of the tRNA molecule will not aﬀect, as observed
here and in [23,37], the recognition by the cognate aminoacyl-
tRNA synthetase. In the future, potential conformational
changes between wild-type and mutant tRNAs could be char-
acterized by crystallographic and modellization studies.
Whether correct folding of the tRNA is essential only in
the initial steps of the process, for instance during the inter-
action with receptors at the surface of the outer membrane,
or tRNA remains folded throughout the passage of the two
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